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Theoretical and experimental values for the contribu-

tion of core polarization to the hyperfine structure of

/ excited states of chromium-53 are compared. A theory is de-

| veloped for extracting the core contritutions to the magnetic
field from the measured hyperfine constants. It is necessary
to take account of configuration interaction with an actual
configuration of unpaired s electrons. A value of -525,000 G

\ is deduced for the magnetic field at the nucleus produced by
core polarization. The - sign indicates that this field is
antiparallel to the net spin of the atom. This is compared
with theory and with the results of other experiments.
Corrections due to relativity, the second-order Zeeman effect,

and the breakdown of LS coupling are considered.
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INTRODUCTION

(1) showed that

In 1955 Abragam, Horowitz, and Pryce
the magnetic field at the nucleus that was responsible for
hyperfine structure in the ground states of vanadium, manga-
nese, and cobalt was a sum of two fields. The first field
is the one to be expected from the orbital and spin motion
of valence d electrons. They attributed the second field to
the admixture of configurations containing unpaired s elec-
trons. Such configurations are important because the unpaired
d electrons all have their spins in the same direction to
produce the state of highest multiplicity according to Hund's
rule. The s electron whose spin is in the same direction as
the majority of d's experiences an. exchange interaction and
is raised to an unfilled s orbit. Even a small admixture of
this excited configuration can produce a large magnetic field
because of the Fermi contact term of the inner unpaired s
electron. This effect is called core polarization.

As a result of the first M®ssbauer work, it was dis-
covered that the magnetic field at the iron nucleus was of
the right magnitude but opposite in direction to that antici-
pated. Two sets of authors(2'3) showed that core polarization
could gqualitatively explain this result although the quanti-
tative agreement was unsatisfactory. One set of authors,
Watscn and Freor?n,(4) went on to give a systematic theoret-
ical treatment to the general problem of core polarization
in the first row transition elements as well as a summary of
experimental observations. They found that each 4 electron
in a divalent ion should contribute a magnetic field at the

nucleus of approximately 115,000 G and that each d electron
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in the (3d)n(4s)2 ground state of free atoms should contrib-
ute a field of about 23,000 G.

This rather remarkable description of a field per unit
spin was in good agreement with experimental results for the
divalent ions, but the agreement was poor for the free atoms.
The two species differ only in the absence or presence of the
(4s)? electrons which lie entirely outside the 3d shell. It
would appear that theory and experiment agree when the excited
electrons are core electrons in the sense that they lie with-
in or at most overlap with the polarizing d shell. Recently
it has been shown (5} that the latest experimental results
for the polarization fields in free atoms are in better agree-
ment with the calculated fields than were earlier measurements.
However, the field values deduced from observations are small,’
and those predicted by theory are the result of cancellations
between much larger fields. Thus the field per unit spin in
the ion is almost entirely quenched by the addition of the
4s electrons as can be seen from the figures quoted above.

Chromium is particularly suitable for testing the above
hypothesis. Unique among the first row transition elements,
its ground configuration is (3@)%4s. An excited configuration
(3d)54p is connected to the ground state by an intense opti-
cal resonance line in the visible range and can therefore be
investigated by double resonance techniques. The magnetic
field at the nucleus for the (3d)54p configuration should
arise entirely from the p electron since the half-filled 4
shell couples to a spherically symmetric 685/2 ground state.
Core polarization contributions to the magnetic field can

then be studied against the relatively smaller field due to




the p electron. In this way one may verify the core polari-
zation theory for a free atom in the favorable electronic

environment normally associated with the ion.

EVALUATION OF THE HYPERFINE STRUCTURE CONSTANTS

A comparison between theoretical and experimental
values for the magnetic £field produced by core polarization
is most conveniently made through the magnetic hyperfine

constant ac(l) given by

a =

81
N
c I H X (l)

(o]

wib

where My is the nuclear moment (-0.4735 in the case of chro-
mium~53), I = 3/2 is the nuclear spin, and y is the magnetic
field produced by the electrons expressed in atomic units

(e =m =4 =1). A value for the magnetic field y is obtained
from the observed hyperfine splittings with the aid of the
theory developed below. The experimental data —onsist of
values for the hyperfine constants a for each of the J levels
of the excited 7P term.(6) contributions of the electronic
structure by whatever mechanism to the magnetic field are
reflected as corresponding contributions to the a value.

For the case of equivalent electrons discussed by
Abragam ggugl.(l) the a value is expressed. as a linear combin-
ation of the a value to be expected from the orbital and spin
motions of the electron calculated in LS coupling and an a
value due entirely to core polarization. For nonequivalent
electrons there is the additional problem of decoupling the
electron shells as discussed by Trees.(7) This may be done

(8)

by straightforwnrd application of decoupling formulas, or



in the following manner. The wave function in the LSJ repre-
sentation is transformed to the jljZJ scheme where jl and jz
are the possible j values for the unfilled shells. For d5p
7p this is especially simple since j1 = 5/2 and j2 = 1/2 or
3/2. The jlszM basis is then replaced by the completely

uncoupled jlmljzm2 basis, and the a values calculated from

the definition, (9)

(1) (l)llI) '

A = (g7|T_""'|9T) (Iz|T

where the first matrix element is that of a first-order tensor
operator in the state of highest MJ,and the second is just the
nuclear magnetic moment. It is assumed that Te(l) is the sum
of operators that act upon the different shells independently.

To illustrate the simplicity of this approach we have

| @p) e, 2 = (@)%, )7, 4, &

2 3 (2)

6 3
P32 2
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3
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for the transformation of the state of highest J. Then

7 (1),7

(e, afT 'R,
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or

7 _ .6 2 .2
A( P4) = A( 55/2) + A( P3/2) = A( P3/2) . (3)



since A(Gss/z) vanishes for the half-filled d shell. GSince
A = ald, Eg. (3) becomes
7 5 6 3 2 3 2
P,) == + = = =
al’®y) =3 al’sg,,) al"®y ) =g aliPy,,) .

(4)
and thus the measured a values are related to the single elec-
tron contributions.

The above method has two additional advantages. First,
it enables one to relate the contributions of the different
shells to their uncoupled angular momenta. This is essential
in order to include the core polarization. By analogy with
Abragam et al. we replace a(GSS/Z) by a'(655/2) + a,, where
a'(655/2) is the spin and orbit contribution, zero in this
case, and a, is the core term. (10)  Thus Eg. (4) can be

c
written

7 5 3
P)==a += ,
al’?) =523, "5 23 ()
where a further simplification in notation has been intro-
duced. The cecond advantage is the explicit appearance of

off-diagonal matrix elements which occur, for example, in the

calculation of a(7P3). Iin this case
7 2,6 5 2 1 5/2 ,6 5 2 1
= = = =\ . XD = “p =
l P3 3) 3| SS/Z 2 Pl/2 23 12 ' SS/Z 2 3/2 2
/30 |6 32 3
+ — —
1z ' S5/22 P32’

and the hyperfine operator connects the states represented

by the first two wave functions. Such matrix elements may

be evaluated by use of formulae in Lurio, Mandel, and Novick,(ll)
and are distinguishable by the presence of a factor § which is

defined by Schwartz.(g) In this way one arrives at the



following set of equations:

= = 4+ =
a(P)—Sa 8a

c 3/2 ’
7 55 2 35 25
= 22 + == + 22— + 2
al’Py) =25 a8, *537 23 » *376 23/2 T 216 53372 ¢
7 10 7 3 105
i = == - + = + ==
al’®,) 5 % " 52 %172 7 162 %3/2 648 %372 -

(6)

The measured walues of the interaction constants are reported

in the preceding paper,(6) They are

la(7P )| = 11.6 Mc/sec |,
4
7
EX P3)| = 0 Mc/sec ,
lat’e,)| = 26.2 Mc/sec .

As pointed out in the same paper, the result is entirely
inconsistent with a theory of hfs which ascribes the splitting
to the interaction of My with only the magnetic field produced
by the outer p electron. Under the assumption that only the p
electron makes a contribution, the magnetic interaction con-
stants are evpected to be in the ratio |a(4)]:|a(3)]:]|a(2)| =
81:140:1G1. The above ecuations indicate that the observed
quenching ¢f the hfs in the J = 3 level is explained at least
qualitatively by the theory including core polarization.

To get a2 soluble, in fact overdetermined, set of equa-

tions, one can make the substitutions £ = 1 and ay/p = 5a3,9.
/

s

The last assumption impliez the neglect of relativistic ef-

fectes (discussed below) and of core polarization effects of



the p electron. The equations are not consistent. The situ-
ation is not improved by inclusion of the core polarization
for the p electron according to the simple theory of Goodings.

A satisfactory explanation must be sought in another direction.

CONFIGURATION INTERACTION EFFECTS
ON HYPERFINE STRUCTURE

In presenting the theory for the hyperfine structure of
the d5p confiquration in chromium, we have sought to include
that particular form of configuration interaction called core
polarization. Under this title we refer to the admixture of
configurations of unpaired s electrons produced by an exchange
interaction with the valence 4 electrons. Moreover, there
exists an overlapping configuration (3d)44s4p with states of
identical angular momentum to those of dsp and an actual un-
paired s electron._ Results of measurements on these states

(6)

are reported in the preceding paper. The question arises
as to the admixture of this nearby configuration.

This problem has been dealt with successfully by Rosen-
zweig.(13) He shows that the matrix element of the Coulomb
operator connecting the 7p terms of the two configurations

can be written as
2 1.1
- °—R ’ .
r2[ 8 (sp.ap) - 3R (sp.pa) |

where Rl(sp,pd) and R2(Sp,dp) are Slater integrals defined by

Condon and Shortley.(l4)

Configuration interaction of this
type is also important in explaining gross features of atomic
spectra such as shifts in the energy levels. Values for the

above integrals have been deduced by Racah and his coworkers

(12

)
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by means of a least squares fit to the energy levels of Ti II

5
1
S'Rl = 3510 cm~! for Cr II.(lS) The value of this matrix

element is not expected to change much in going to the first

and Cu II. By interpolation one obtains ;'RZ = 1480 cm~1 and |
|
\

spectrum and is to be compared with the separation of the two
terms of the two configurations, A = 4432 cm~l. The matrix
element given above and the measured separation are sufficient
to describe the configuration admixture. By diagonalization

of the 2x2 submatrix for the two configurations,

{1

5 .5 4
p) = . + . l .
(a7 o) Jo 806 {(d p) [0.194 4 (d sp)

(d4sp) = JO.194 w(dsp) - [0.806 W(d4sp) .

(7)

B

The previously derived Egs. (6) for the hyperfine con-
stants must be modified by including the a values for the
d4sp configuration. These are calculated by the method out-
lined above. The fact that we are dealing with the state of
highest multiplicity narrows the choice of terms for each shell
to 5D, 2S, and 2P, respectively. In addition to the off-
diagonal matrix elements mentioned above, we will encounter
matrix elements of the type (5D4 3|Te(1)!5D3 3). These can
be related to the on-diagonal matrix elements via the reduced
matrix elements. The antire a value can be written as a linear
combination of a(5py), a(5p3), a(®p,), a(®py), a(®s ;).
a(zPl/Z), a(2P3/2), ga(293/2), and 2y where ag4 is the core
polarization produced by four d electrons. The first four
quantities can be related to one another and written in terms
of

. 5y, .8 1
al’™d,) =3 g1“o<r3>3d .
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We then make use of the coefficients in Egs. (7) to arrive at
a final set of equations relating measured quantities to single

electron and core polarization a values:

5 7 5 3
= - + —
a(@’p 'P,) =0.806(5a, +g a3/2) (8a)
+ 0.194:.0.775 8 a._u (;Lﬁ + 0.109a - 0.056a + 0.820a.}
7 “I“o'x®’3a s 3/2 - a’
5 7 55 35
a = P it 4+ ==
a(da™p P3) o.soo(72 a_ * 3, a3/2) (8b)
8 1
+ 0.1¢ . = - + 0. + 0. + 1. .
0.124{0.743 - g1u0<r3>3d 0] 106as 0 145a3/2 1 006ad]
5 7 _ 10 101
a(a’p P2) = 0.806(?; a, - 316 a3/2) (8c)
+ 0.194[0.491 §'g V! (J;> + 0.112a + 0.390a + 0.7952.]
7 °1"o'r®’3a- s 3/2 a’
4 7 55 35
= 22 22
a(d sp P3) 0.194(72 a_ ” a3/2) (84d)
8 1
+ . 2 —=- + 0. + 0. + 1.
0.806[0.743 = g u ()44 *+ 0.106a + 0.145a, ) + 1.006a,],
where ‘a(dsp 7P4)| = 11.6 Mc/sec, |a(d5p 7P3)| = 0, la(dsp 7P2)|
= 26.2, and |a(d4sp 7P3)| = 70.4. In the expressions for each

configuration we have zubstituted £ =1 and ayj/ = 5a3/,- The
coefficients of ag have been derived by writing a(5D4) =
a'(5D4) + ag, a(5D3) = a‘(5D3) + ag. where the term in ag is
independent of J since as noted above(lo) the J dependence is
contained in the factor gz - 1, and gy is independent of J

for 5D.(16)

One may further reduce Eq. (8) to four equations in

) N
four unknowns by substituting 3.25 == for (;5)3d.(l7) Then
o

the equations can be solved for various choices of signs of
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the measured hyperfine constants. The only choice of signs

which gives a plausible result for a, and a is plus for

5

3/2

55 '
a(d’p P2) and minus for the other measured a values. With

this choice the values of
a_ = +45.5 Mc/sec

and

a3/2 = -19.7 Mc/sec

are deduced. These compare well with the results obtained

in the next section and with the Watson and Freeman predic-

(4)

tion discussed in a later section. These quantities

were found to be relatively independent of the coefficients

(16)

of a_, within the limits of their uncertainties. The

a

values obtained for ad and a however, are extremely sensi-

tive to any change in the coefficients of ag- Thus it is not
surprising that the computed values of as = +3875 Mc/sec

and ag = -656 Mc/sec are much larger than the values one
might expect and opposite in sign. However, with a change

in the coefficient of ad in Eq. (8c) from 0.795 to 0.745,

within its 10% uncertainty., the following solutions are

obtained:
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a, = 51.4 Mc/sec .
a3/2 = -26.2 Mc/sec .
ad = 17 Mc/sec '
as =-654 Mc/sec .

While ac and a are not greatly changed, a_, and a_ are con-

3/2 d

siderably altered, and all four values are close to those ex-
pected.
EXTRACTION OF THE CORE POLARIZATION

Since hyperfine structure measurements have been made
in the J = 3 states of both configurations, one can solve for
the core polarization contribution to be expected from the
dsp configuration alone by making use of Egs. (8b) and (8d).
This method is free from errors in the c#lculation of a(d4sp),

from ambiguities in the coefficients of a and from uncer-

dl

tainty in the value of (l/r3) It also avoids the arbi-

3a’
trary choice of sign for the measured a values except in

Eg. (8d) where the large contribution of a makes the nega-

tive sign most likely. 1In this way one obtains
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55 35
22.3 = 333+ 7a,, . {(9)

An estimate for a3/2 can be made from the fine struc-

(7)

ture constant §4p by use of the formula

g
ap = 0.545 KT;j%?gf'ng 10-3 . (10)
i

where §4p is in wave numbers, 1(£.2) = 1.0094 is a relativ-
istic correction tabulated by Kopfermann,(ls) Zi =2 - 4 for
p electrons, and 95 is the nuclear g factor. One can evalu-~
ate §4P from the known fine structure of the 7P multiplet
since §(7P) = %-§4p and 4§(7P) = 112 cm-l (intexval rule
obeyed). Thus §4p = 168 cm-l. This result is consistent
with a value of 260 cm,-1 for §4p which has been determined
from fine and hyperfine structure measurements in the dssp

(19)

configuration of Mn. From Eq. (10) ap may be evaluated

and is found to be -43.0 Mc/sec. Then

8
330 = 3, 15 F_(3/2.2,) ' (11)

where Fr(3/2’zi) is another relativistic correction factor

tabulated by Kopfermann. Thus a3/2 = -23.1 Mc/sec. We re-

turn to Eq. (9) and compute a . We find a_ = +48.7 Mc/sec.
“
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ZEEMAN, RELATIVISTIC, AND
INTERMEDIATE COUPLING CORRECTIONS

The a values measured in the 3d54p configuration upon
which much of the foregoing analysis has been based are either
small or zero. It is therefore necessary to consider other
effects which may possibly contribute to the hyperfine con-
stants.

(a) Magnetic Field Effects

In second-order perturbation theory the magnetic field
operator connects states of different J but the same MJ. This
results in a shift of the Zeeman levels proportional to (uOH)Z.
In evaluating the hyperfine constants [see ref.(6)], we equate
the transition frequency hv to the difference in energy of the
two resonating Zeeman levels. The second-order shifts will
most likely be different for the two levels and will hence
appear as a contribution to a. It can be shown(zo) that the
contribution of such an effect to the transition frequency

can be written as 2
K(3)[P(T, M) - P(I.Mz_1)] (b H)
Av = + a term for J + 1,

E_ - E
(12)

Jd J-1

where
(J-L+S) (J+L-8) (IJ+L+S+1) (L+S+1-J)

4J2(2J-l)(2J+l)

K(J)

and P(J,MJ) =J2 - MJZ. For the shift in frequency of the

|7P4 4) ~ |7P4 3) transition at a typical field of 300 G, we
find Av a~ -0.01 Mc/sec. This is negligible compared to the

measured a values.



(b) Relativistic Effects

The relativistic corrections alter the ratio ay/r =

5a3/2 since

= 8
al/z ap 3 Fr(l/z'zl) ’
a.,. =a 2 F (3/2.2.) (13)
3/2 = 2% 15 5 25 -

Values for the correction factors taken from Kopfermann are
Fr(l/2,20) = 1.,0404 and Fr(3/2,20) = 1.0084. Since a3 /2 enters
the expression for a(7P3) in Eq. (6) with the small coefficient
2/27, the small modification in the ratio due to relativity may
be neglected. Core polarization produced by the p elecﬁron can
also alter this ratio, but no evidence for this effect exists
in transition elements. The relativistic contribution of the
3d° electrons to the hyper fine structure has been estimated to

be much smaller than the core polarization contribution.(21)

(c) Breakdown of LS Coupling

In the preceding paper(6) the breakdown of LS coupling
was considered in the light of the presence of intercombination
lines and was shown to have a negligible effect on the g5
values to the precision of the measurement. In the Appendix
it is shown that the wave functions describing the admixture
can be derived by treating the spin-orbit interaction as a per-

turbation and can be written

0.999 ¢(7P3) + 0.041 ¢(5P3) ,

-
o~~~
~J
o
w
Sa?
it

(14)

LY
A
l

0.999 y( P ) + 0.037 ¥(



in good agreement with the empirically derived functions.
Thus the hyperfine structure in the 5P3 state, itself of the
same order of magnitude &z in the 7P3 state (neglecting con-
figuration interaction), is multiplied by a small coefficient

and may be neglected.

COMPARIGSON WITH THEORY

The mechanism for core polarization discussed in the in-
troduction implies a difference in the spin densities, |{ (0)|2
1
- |¢ (O)|2, of the inner s electrons with spins in the direc-
t

tions indicated by the errows. A convenient measure of this

effect is given by Watson and Freeman(4) as
4n
X =% lp, (0) - p (0)] (15)

2 g shélls

where . denotes the number of unpazired spins and p(0) =
l¢(0)|2. With ¥ in atomic units (au), H_ /S is found in gauss
by using the conversion factor 1 au = 4.21 X 104 G. values
for x based on an analysis of experimental hyperfine data for
ions in hydrated salts are tabulated in Table I together with
the contact term effective field H, and also with Hc/§ which
is the field rer unpaired spin. We see that y has a roughly
constant value of about ~3 au.

The value for a, weported here can be converted to x
with the help of Eg. (1) wiher a_ is expressed in milli-Kaysers
(% Mo = 2.12 in atcmic units). sting the value of a, obtained
from Egq. (9), we find y = -2.5 &u in c¢cod agreement .with

ponds to a magnetic field at the

w0

the ion values. This corrc

nucleus of -525,000 G due to core polarization.
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COMPARISON WITH OTHER EXPERIMENTS

The experiment having the most direct bearing on the
present problem is the measurement of Childs ggigl.(zz) on
the chromium ground state. These authors find |a(7S3)| =
82.5985+0.0015 Mc/sec. The theoretical value is -144 Mc/sec
due to the s electron and neglecting core polarization effects.
Their discussion of core polarization is formulated somewhat
differently from that given here and does not lead to satis-
factory agreement between experimental and predicted values.
In terms of the formulation presented here, the ground-state

wave function is written

7 _ .6 52 1
17833 = 1785, 5 81,22 - (16)
from which it follows that
7 5 1
o= e -+ -
al 53) 6 2c c 35 - {(17)
where |a(7s3)| = 82.6 Mc/sec and % ag = -144 Mc/sec. Since

the s electron is expected to dominate as in the d4sp con-
figuration discussed above, we prefer to choose the negative
sign for a(7S3). Thus % a, = 61.4 and a, = 73.8 Mc/sec. This
gives a value for y of -3.7 au. The difference from the value
found above may be due to an incomplete treatment of configura-
tion interaction, to differences in the core polarization of s
and p electrons, or to uncertainties in the values of ag and
ap-

In contrast to this rough agreement with ion values for

x obtained in the two experiments on the half-filled d shell

in chromium, hyperfine measurements on the (3d) °4s4p
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(19,23)

configuration in manganese show an almost total lack

of core polarization. The combination 5a, + ag occurs in an
analysis of the 8p term of this configuration (with the addi-
tion of a p electron contribution) just as it does for the

chromium ground state. We find

Il

Sac + a 2230 Mc/sec for Cr,

s
(18)

5ac + a 3680 Mc/sec for Mn,

S

where the sign and magnitude of the g factors have been scaled
to Mn. The theoretical value for a,  is 3700 Mc/sec. Recently
Winkler(S) has shown the presence of core polarization in the
(3d)54s4p configuration. His treatment is based on the intro-
duction of a "“polarization gradient" term which is opposite

in sign to the core polarization contribution and which can

be evaluated from isotope shift data. Since no work has been
done on the isotope shift in manganese, this new parameter can

only be estimated.

SUMMARY

The theory for core polarization proposed to explain
the hyperfine structure of transition metal ions has been
shown to be in agreement with experiments per formed on excited
configurations of free atoms. The interpretation of the ex-
periments is based on the vanishing hyperfine structure in the
7P3 state of the configuration (3d)54p whose configuration
interaction with the 7P3 state of the overlapping configura-
tion (3d)44s4p is also taken into account. Hyperfine struc-

ture measurements in states of both configurations permit the
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extraction of the core polarization produced by the half-filled
d shell. A value for y of -3.0 au is found. The predicted
value is also about -3 au. When the formalism developed here
is applied to the chromium ground state, a value for y of

-3.7 au is deduced. This difference probably reflects the
neglect of a more complete consideration of configuration in-
teraction, but the agreement is nonetheless encouraging. The
chromium results are in marked contrast to the apparent absence

of core polarization in the (3d)54s4p configuration in manganese.
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APPENDIX

We consider matrix elements of the spin-orbit operator

oo = Z‘gi(r)ziogi betwean states of the dsp configuration:
i

.5 - -, 5, vt T
L s VYo - ey 0
[a (s n, )p(s,L,)s T J] Zlgi( )i 5,187 (5,1 )p(S,L,)s'L'T | .

1

(8)

By the methods of Racah this can be shown to eqdal

\ S Ss' 1
Sty { }Jk28+l)(28'+1)(2L+l)(2L'+l)

L'L J
{S 1 S'}{L 1 L'}
§1 8, 81 Ly L4y

(-1)

S.+S_+S'+1+4L,_+L_+L'+1l
[ 172

5 11, 5" °
x Jo(at]) (2241)  (@7s L [vTT|ja7s, L)

+S_+5+ +L_ +L+ ' '
| S5, ¥SHLAL, 4L, ML S 1 S+(L 1 L

+ {-1) 3gp { ' }{ ! } } !
S, 8.8, I, L

where the matriy elements of the double tensor Vll have been

tabhulated by Slater.(24)

The matrix elements of “éo can novw be evaluated between
7PJ and each of the 5PJ arising Irom dsp. Three such quintet

6 4P and 4D of ds. The

cstates exicst whose parents are 7S,
appropriate linear combination that corresponds to the lowest
5P term can be found by diagonalizing the Coulomb operator

(25) with the aid of
(26)

between these sizates. This has been done

matrix elements computed by Ishidzu and Obi using their
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values for FZ’ Gl' and G3. The off-diagonal matrix elements
are small, and the state of lowest energy can be found using

perturbation theory. In this way, one obtains

§(°P) = 0.995 y(a> 8 p’p) - 0.101 y(a> % pop)
- 0.110 y(a> %o p°p) .
Using this function one finds
7 5 /5
= —_— +
{ p3|@cso| P) = 0.995 5 gp 0.1 /108, ,

3

7 5 1 / 7 v 21

For Ep We may substitute 168 cm~1 and for Eq 250 cm"l.(l4)
The coefficient of the quintet state admixed to the septet
is then simply this matrix element divided by the energy

separation and is given in Egs. (14).



TABLE I

Values of experimental hyperfine interaction ¥, Hc’ and Hc/g

for the divalent iron series in hydrated salts. (2)

++ ++ ++
Ion vttGa®)  mnttGa®) ttGa’) ctt3a?)
x (au) -2.8 -3.1 -2.5 -2.9
H /5 (kG) -118 -130 -105 -122
Hc (kG) -354 -650 -315 -122

(4)

(a) This tabulation given by Watson and Freeman

from yx 's reported by Abragam.(l)
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